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Abstract
Objective—To develop a prospective perinatal registry that characterizes all deliveries,
differentiates between stillbirths and early neonatal deaths (ENDs), and determines the ratio of
fresh to macerated stillbirths in the northwest Democratic Republic of Congo.
Method—Birth outcomes were obtained from 4 rural health districts.
Results—A total of 8230 women consented, END rate was 32 deaths per 1000 live births, and
stillbirth rate was 33 deaths per 1000 deliveries. The majority (75%) of ENDs and stillbirths
occurred in neonates weighing 1500 g or more. Odds of stillbirth and END increased in mothers
who were single or who did not receive prenatal care, and among premature, low birth weight, or
male infants. The ratio of fresh to macerated stillbirths was 4:1.
Conclusion—Neonates weighing 1500 g or more at birth represent a group with a high
likelihood of survival in remote areas, making them potentially amenable to targeted intervention
packages. The ratio of fresh to macerated stillbirths was approximately 10-fold higher than
expected, suggesting a more prominent role for improved intrapartum obstetric interventions.
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Each year, 7 million neonates are stillborn or die within the first 7 days of life [1, 2]. Over
98% of these stillbirths and early neonatal deaths (perinatal deaths) occur in low-income
countries, and regional estimates suggest that countries in Sub-Saharan Africa have among
the highest perinatal mortality rates in the world [3, 4]. Such countries with
disproportionately high perinatal mortality rates often have weak health metrics and
systems, resulting in a paucity of perinatal morbidity and mortality information [5, 6] and a
deficiency in quality of available data [7]. At present, data used to estimate perinatal
mortality in many low-income countries are derived from complex, statistical modeling
techniques or from nationally representative demographic and health surveys which use
cluster-sampling of live births, thus providing neonatal mortality rates, but little information
on stillbirths and their surrounding circumstances [8]. Other studies of perinatal deaths have
been conducted in hospitals with relatively small sample sizes, limiting their generalizability
[9, 10]. Few accurate registries document perinatal outcomes in a community setting. This is
of particular importance because current estimates suggest that over two-thirds of perinatal
deaths occur at home and may not be included in vital registration or health facility data
[11]. This dearth of accurate, population-based, perinatal data poses significant challenges to
developing a coherent, perinatal health policy in Sub-Saharan Africa.
The objective of the present study was to develop a prospective perinatal registry that
characterized all deliveries and perinatal deaths, differentiated between stillbirths and early
neonatal deaths (ENDs), and determined the ratio of fresh to macerated stillbirths in a
remote, rural area in the Democratic Republic of Congo (DRC). Based on World Health
Organization (WHO) regional perinatal estimates [4], we hypothesized that the stillbirth to
END rate ratio would be 1.3:1 and the ratio of fresh to macerated stillbirths would be 1:2.
2. Materials and methods
The DRC spans 2.3 million km2 and has an estimated population of 66 million. The study
was conducted in 4 health districts of the Equateur Province, in northwest DRC. This region,
which has little electricity, few health facilities, and many transportation challenges, is
representative of rural DRC.
This prospective observational study was nested within an ongoing, cluster-randomized
control trial, the FIRST BREATH Trial, conducted by the Global Network (GN) for Women
and Children’s Health. The GN is a multicountry research network funded by the National
Institutes of Health, representing partnerships of US and international investigators. The
FIRST BREATH Trial is investigating the benefits of implementing a package of neonatal
care practices and a neonatal resuscitation training program in community settings. As part
of this study, birth attendants were trained to collect basic maternal, fetal, and neonatal
outcome data which included demographics, mode of delivery, birth weight, gestational age,
need for resuscitation, and details of adverse events. They received knowledge and skills
training in newborn care using the WHO Essential Newborn Care (ENC) program. The data
for the present study were collected during the baseline and ENC phases of the FIRST
BREATH Trial. Table 1 outlines the operational definitions used in the study.
Within the 4 health districts, 12 communities participated in the study. Pregnant women
were enrolled at the first prenatal visit, which was usually by 24 weeks of pregnancy.
Trained nurses appointed as Community Coordinators oversaw data collection by all birth
attendants in the community. Delivery locations included hospitals, health centers, home
(including the birth attendants’ home), or other (in transit). After each delivery, Community
Coordinators collected data recorded by birth attendants. Oversight for Community
Coordinators was by a physician Provincial Coordinator. Data collection was the
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responsibility of birth attendants. Illiterate birth attendants were accompanied by literate
community scribes who assisted with documentation. Training utilized the train-the-trainer
model outlined in a previous GN publication [12]. All birth attendants were trained to check
for fetal and neonatal vital signs in every baby by auscultating the abdomen of each pregnant
woman before delivery, and after delivery by feeling the neonate’s umbilical cord for a
pulse, auscultating lungs for breath sounds, and assessing for any movement. Birth weights
were obtained within 48 hours of delivery using Salter spring scales (UNICEF model
145555) provided for the study.
Data were collected between June 2005 and January 2007, and were entered into an
electronic database in Equateur, and then sent by courier to Kinshasa where data edits,
including inter- and intra-form consistency checks were performed. Data were then
transmitted to the Data Coordination Center (Research Triangle Institute, Research Triangle
Park, NC, USA). The study was reviewed and approved by the institutional ethics review
committees of the Kinshasa School of Public Health, University of North Carolina, and
Research Triangle Institute. Verbal informed consent was obtained from the participants at
the time of enrollment.
The data were analyzed using SAS version 9.1.3 (SAS Institute Inc, Cary, NC, USA).
Descriptive analyses were conducted to describe delivery location, level of training of birth
attendants, maternal characteristics, and neonatal characteristics. Factors potentially
associated with perinatal mortality rates were grouped into obstetric and sociodemographic
maternal characteristics, type of birth attendant, delivery location, and neonatal
characteristics. Unadjusted odds ratios were computed to asses the relationship between
outcomes (stillbirth, early neonatal deaths, and perinatal mortality) and selected variables.
Reference categories were defined as those usually associated with the lowest stillbirth and
END rates. Because the data were from a cluster intervention study, the 95% confidence
intervals were adjusted to account for the inter-cluster correlation. All variables found to be
significantly associated with perinatal deaths, stillbirths, and ENDs were then included in a
Generalized Estimation Equation model which adjusted for the correlated observations
within a cluster, and odds ratios and 95% confidence intervals adjusted for cluster data were
obtained.
3. Results
Of 8257 women who were screened, 8230 (99.7%) consented and were subsequently
enrolled, and 7940 (99.8%) completed the 7-day follow-up visit (Fig. 1). Most (95%) of the
women had at least 1 prenatal care visit (data not shown). Table 2 shows that 74% of
deliveries occurred at the home of a traditional birth attendant (TBA) or the mother, 25%
occurred in clinics or health centers, and less than 1% occurred in hospitals. Almost all
deliveries (98%) were by the vaginal route, with the majority (78%) attended by non-skilled
birth attendants (TBA or family). Skilled birth attendants (SBAs) were present at 21% of
deliveries. The majority (97%) of births were singleton deliveries. The mean birth weight
among neonates delivered during the study period was 3044 ± 570 g; 12% of neonates were
low birth weight (<2500 g), and 1.5% were very low birth weight (<1500 g).
Table 3 shows that the perinatal mortality rate was 64 deaths per 1000 deliveries. In
univariate analysis the following maternal factors increased the odds for perinatal death:
single status, lack of prenatal care, and no formal education. Neonatal characteristics that
increased the odds of death included male sex, prematurity, multiple birth, and low birth
weight.
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In multivariate analysis, very low birth weight and prematurity increased the odds of
perinatal death nearly 20-fold. The odds for perinatal death were tripled if the mother was
single and nearly doubled if she had no prenatal care or gave birth to a male child.
Table 4 shows that there were 271 stillbirths resulting in a stillbirth rate of 33 per 1000
deliveries. Nearly half (46%) of stillbirths occurred in neonates with birth weights greater
than 2500 g; almost one-third (29%) and a quarter (25%) of stillbirths occurred in neonates
weighing 1500–2499 g and less than 1500 g, respectively. Within birth weight categories,
53% of neonates weighing between 500 and 1499 g were stillborn, 9% weighing between
1500 and 2499 g were stillborn, and 2% weighing more than 2500 g were stillborn.
In multivariate analysis, very low birth weight neonates had 9 times the odds of stillbirth
while prematurity increased the odds nearly 8-fold. Lack of prenatal care and birth weight
between 1500 and 2499 g doubled the odds of stillbirth.
Table 5 shows that 79% (214) of stillbirths were fresh and 21% (57) were macerated. Lack
of prenatal care and single status tended to increase the risk of fresh versus macerated
stillbirth, as did no formal education, delivery by a TBA, delivery in the home, and
prematurity; however, none of the variables were statistically significant.
Table 6 shows the END rate was 32 deaths per 1000 live births. Forty-seven percent of
ENDs occurred in neonates weighing 2500 g or more and 34% of ENDs were in low birth
weight neonates weighing between 1500 and 2499 g. When ENDs were considered within
each birth weight category, 76% of neonates weighing between 500 and 1499 g died, 11%
weighing between 1500 and 2499 g died, and 1.7% weighing greater than 2500 g died.
Results from univariate and multivariate analysis for END paralleled those for stillbirth:
there was a more than 20-fold increased odds of END in premature neonates and a 10-fold
increase in neonates with birth weights between 500 and 1499 g. Similarly, odds of END
were doubled if neonates weighed 1500–2499 g or if their mothers had no prenatal care.
4. Discussion
The overall stillbirth rate of 33 per 1000 births and END rate of 32 per 1000 live births
represent a more than 7-fold higher rate than is reported for high-income countries [13]. The
END rate is similar to WHO modeled estimates (35 per 1000 live births), although the
stillbirth rate is considerably lower than WHO modeled estimates (42 per 1000 births) [14].
One explanation for this difference may be less misclassification of END as stillbirth in our
cohort. Stillbirth and END may be misclassified for various reasons including lack of
knowledge or information to distinguish the two, lack of careful assessment of signs of life,
avoidance of blame, extra work or audit review for the birth attendant, or perceived gain or
loss for the family [15]. Often, routine auscultation or palpation of the umbilical cord for
signs of a heart rate does not accompany every delivery, and breathing efforts of a neonate
may be very subtle making it easy for birth attendants to conclude that a neonate in
secondary apnea is stillborn [15]. It is likely that the rigorous training of TBAs in our study
decreased misclassification. The stillbirth to END ratio was 1:1, which is in contrast to many
published estimates that report ratios of 1.3:1. This more accurate estimate of the
contribution of stillbirth to the total burden of perinatal mortality may be important for
developing programmatic interventions in rural remote areas where stillbirth rates are
unobtainable.
Prematurity and low birth weight conferred the highest odds of perinatal death, with a 20-
fold increased odds if neonates were premature or very low birth weight. Birth weight is an
important proxy for viability, especially where reliable gestational age dating is not
available. Most studies of perinatal mortality in low-income countries have not included
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birth weight; when they have, a cut-off value of 1000 g has generally been used to define
viability [16]. In the present study, a cut-off value of 500 g, used by many high-income
countries, was utilized. When compared by birth weight categories, stillbirths and ENDs had
strikingly similar proportions. Nearly half of the perinatal deaths occurred in neonates
weighing 2500 g or more, with three-quarters occurring in neonates weighing 1500 g or
more. Among neonates weighing 1500 g or more, survival in rural, remote areas is possible
[17] with targeted intervention packages such as maternal tetanus immunization, clean cord
practices, exclusive breast feeding, skin-to-skin (kangaroo) care, and recognition and early
treatment of infection [11, 18, 19].
The risk of perinatal death was increased 2-fold if mothers had not received prenatal care.
Most women (95%) in our cohort received at least one prenatal care visit. In high-income
country settings, maternal age, educational level, and income, as well as ethnicity, marital
status, physical violence in the home, desire for pregnancy, and insurance coverage have
been found to influence the adequacy of prenatal care [20]. Less is known about the
antecedents of inadequate prenatal care in rural, resource-constrained African settings.
Paredes et al. [21] reported in a study conducted among a poor population in Central
America, that 5 major factors adversely influenced prenatal care utilization: economic
difficulties; the need to care for a young child; transportation difficulties; long waiting lines
to access healthcare; and an overall lack of knowledge.
A surprising finding was that the ratio of fresh to macerated stillbirths was nearly 4:1. Fresh
stillbirths are used as a proxy for stillbirths due to acute intrapartum insults [16]. Lawn et al.
[1] estimated intrapartum stillbirth using data from 52 countries with a cumulative sample
size of 46 779 stillbirths. In their model they estimated there were 1.02 million intrapartum
(fresh) stillbirths out of a total of 3.9 million, resulting in a ratio of fresh to macerated
stillbirths of 1:3. Similar ratios have been noted in the literature [22, 23]. Lawn et al. [1]
noted wide disparities in intrapartum stillbirth rates when comparing regions with the
highest and lowest rates. Countries in the Western Pacific, northwest Europe, and North
Americas had intrapartum stillbirth rates of less than 1 per 1000 total births, while countries
in Sub-Saharan Africa and South East Asia had rates 15 times higher. There was a 50-fold
difference when they compared the lowest (0.33 per 1000 total deaths) and highest (17.4 per
1000 total births) reported stillbirth rates. Goldenberg et al. [24] compared the ratio of
intrapartum to antepartum stillbirth in low- and high-income countries using Lawn’s
estimations of intrapartum deaths and overall stillbirth estimates from Stanton et al. [15].
They found a ratio of intrapartum to antepartum stillbirth of nearly 1:5 for high-income
countries and 1:2 for low-income countries. The ratios of fresh to macerated stillbirths may
reflect the quality of prenatal and obstetric care, with high ratios implying poorer care [22].
Supporting this, Goldenberg et al. [24] assessed the relationship between provision of
emergency obstetric services using cesarean deliveries as proxy values, and intrapartum and
antepartum stillbirths. They depicted a linear relationship on a scatterplot of intrapartum
(fresh) stillbirths and provision of obstetric services, when compared with that of antepartum
stillbirths and provision of obstetric services. Furthermore, there was a dramatic decrease in
intrapartum stillbirth rates when cesarean delivery rates increased from 0–10%.
The relatively high ratio of fresh to macerated stillbirths from our data is contrary to the
above reports. McClure et al. [16] reported on the outcome of 60 324 pregnancies resulting
in 1472 stillbirths in 5 low-income countries and 1 middle-income country, and found ratios
of fresh to macerated stillbirths of nearly 5:1, which is consistent with our data. The public
health ramification of higher fresh to macerated stillbirth ratios is that fresh stillbirths are
amenable to interventions that are likely to result in improved outcomes [25].
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As with any descriptive epidemiologic study, cause and effect cannot be discerned from the
data. Nonetheless, the increased odds of death due to infant factors such as prematurity, low
birth weight and male sex, and maternal factors such as no prenatal care, no education, and
single status begin to explore which modifiable factors contribute to perinatal deaths in rural
Central Africa. The present study was designed to provide population data and therefore
lacks an adequate comparison group. Additionally, the categorization used for maternal age
may have masked the effect of teenage pregnancy. Major strengths of this study are the large
sample size, high consent and 7-day follow-up rate, extent of data validation and study
oversight provided by Community Coordinators, and the collection of stillbirth weight, often
a difficult task because of cultural and other barriers [15].
In conclusion, stillbirths and early neonatal deaths remain significant problems in low-
income countries. Neonates weighing 1500 g or more represent a group with a high
likelihood of survival in remote areas, making them potentially amenable to targeted
intervention packages. The ratio of fresh to macerated stillbirths was approximately 10-fold
higher than expected, suggesting a more prominent role for improved intrapartum obstetric
interventions.
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The early neonatal death rate was 32 per 1000 live births and the stillbirth rate was 33 per
1000 deliveries. The ratio of fresh to macerated stillbirths was 4:1, approximately 10-fold
higher than expected.
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Table 1
Operational definitions used for the study
• Early neonatal death rate: death of a live born infant at or before 7 days of life per 1000 live deliveries.
• Stillbirth rate: fetal loss ≥ 500 g birth weight or corresponding to approximately 24 weeks of gestation or more per 1000 deliveries,
with no signs of life at birth, i.e. no breathing, no heart rate, and no movement.
• Perinatal mortality rate: the sum of the early neonatal death and stillbirth rates.
• Fresh or intrapartum stillbirth: a neonate born dead within 12–24 hours of delivery, without signs of skin disintegration.
• Macerated stillbirth: A stillbirth with pulpy peeling skin suggesting death occurred more than 12–24 prior to delivery.
• Prematurity: Birth before 37 completed weeks of pregnancy.
• Low birth weight neonate: A neonate weighing less than 2500 g at birth.
• Very low birth weight neonate: A neonate weighing less than 1500 g at birth.
• Gestational age: The duration of pregnancy; determined using the mothers last menstrual period.
• Traditional birth attendant (TBA): A person who assists other women during childbirth and initially acquired her skills by
delivering babies or through apprenticeship to other TBAs.
• Trained TBA: A TBA who has successfully completed a short period of instruction in the management of childbirth, i.e. was
certified.
• Untrained TBA: A TBA with no government or other training.
• Skilled birth attendant (SBA): A nurse, midwife, or doctor who provided obstetric care.
• Prenatal care: At least one visit with a skilled birth attendant.
• Community: A distinct geographic region whose birth attendants did not overlap with other communities. Each community
comprised of a cluster of smaller villages with approximately 300 annual deliveries.
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Table 3
Characteristics by mother, perinatal care, neonates, and associated perinatal mortality
Categories Total deliveries (%total) Total perinatal deaths(perinatal mortality rate) Odds ratio (95% CI)
GEE model
Odds ratio (95% CI)
Maternal characteristics
Maternal age, y 8230
 <25 4043 (49.1) 265 (65.5) 1.0
 25–35 a 3002 (36.5) 182 (60.6) 0.92 (0.70–1.22)
 >35 1185 (14.4) 79 (66.7) 1.02 (0.70–1.48)
Educational status 8230
 No formal education 5,263 (63.9) 375 (71.3) 1.43 (1.08–1.89) 1.32 (1.01–1.73)
 Any formal education a 2,967 (36.1) 151 (50.9) 1.0 1.0
Presence of partner 8230
 Single 90 ( 1.1) 16 (177.8) 3.23 (1.48–7.08) 3.35 (1.67–6.72)
 Married/cohabiting 8140 (98.9) 510 (62.7) 1.0 1.0
Parity 8230
 0 1842 (22.4) 142 (77.1) 1.32 (0.97–1.79)
 1–3 a 4020 (48.8) 240 (59.7) 1.0
 >3 2368 (28.8) 144 (60.8) 1.02 (0.75–1.38)
Number of children 8230
 0 2352 (28.6) 201 (85.5) 1.55 (1.18–2.05) NS
 1–3 a 4321 (52.5) 245 (56.7) 1.0
 >3 1557 (18.9) 80 (51.4) 0.90 (0.62–1.31)
Prenatal care 8230
 No prenatal care 388 (4.7) 57 (146.9) 2.71 (1.77–4.13) 1.89 (1.40–2.56)
 One visit or more a 7842 (95.3) 469 (59.8) 1.0 1.0
Birth attendant 8230
 Physician a 6 (0.1) 2 (33.3) 1.0
 Nurse/midwife 1781 (21.6) 150 (84.2) 0.18 (0.02–2.11)
 TBA/family/unattended 6443 (78.3) 374 (58.0) 0.12 (0.01–1.40)
Delivery location 8230
 Home/other 6105 (74.2) 347 (56.8) 0.66 (0.50–0.86) NS
 Clinic/hospital a 2125 (25.8) 179 (84.2) 1.0
Infant characteristics
Sex 8213
 Male 4260 (51.9) 307 (72.1) 1.33 (1.03–1.72) 1.69 (1.21–2.37)
 Female a 3953 (48.1) 218 (55.1) 1.0 1.0
Gestational age, wk 8213
 <37 weeks 302 (3.7) 223 (738.4) 71.12 (47.57–106.33) 19.55 (10.27–37.23)
 >37 weeks a 7911 (96.3) 302 (38.2) 1.0 1.0
Birth weight, g 8192
 500–1499 124 (1.5) 110 (887.1) 229.57 (101.47–519.36) 20.29 (9.20–44.75)
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Categories Total deliveries (%total) Total perinatal deaths(perinatal mortality rate) Odds ratio (95% CI)
GEE model
Odds ratio (95% CI)
 1500–2499 846 (10.3) 161 (190.3) 6.87 (5.05–9.33) 2.85 (1.85–4.41)
 ≥2500 7222 (88.2) 239 (33.1) 1.0 1.0
Multiple births 8230
 Yes 293 (3.6) 52 (177.5) 3.40 (2.17–5.32) NS
 No 7937 (96.4) 474 (59.7) 1.0
Abbreviations: NS, not significant; GEE, generalized estimation model.
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Table 4
Characteristics by other, perinatal care, neonates, and associated stillbirth
Categories Total deliveries (% Total) Total number of stillbirths(stillbirth rate) Odds ratio (95% CI)
GEE model
Odds ratio (95% CI)
Maternal characteristics
Maternal age, y 8230
 <25 4043 (49.1) 137 (33.9) 1.0
 25–35 a 3002 (36.5) 95 (31.6) 0.93 (0.47–1.84)
 >35 1185 (14.4) 39 (32.9) 0.97 (0.38–2.45)
Education status 8230
 No formal education 5263 (63.9) 196 (37.2) 1.49 (0.75–2.98)
 Any formal education a 2967 (36.1) 75 (25.3) 1.0
Presence of partner 8230
 Single 90 (1.1) 9 (100.0) 3.34 (0.56–20.01)
 Married/cohabiting 8140 (98.9) 262 (32.2) 1.0
Parity 8230 271
 0 1842 (22.4) 69 (37.5) 1.32 (0.61–2.87)
 1–3 a 4020 (48.8) 115 (28.6) 1.0
 >3 2368 (28.8) 87 (36.7) 1.30 (0.63–2.67)
Number of children 8230 271
 0 2352 (28.6) 101 (42.9) 1.57 (0.79–3.13)
 1–3 a 4321 (52.5) 120 (27.8) 1.0
 >3 1557 (18.9) 50 (32.1) 1.16 (0.49–2.74)
Prenatal care 8230
 No prenatal care 388 (4.7) 33 (85.1) 2.97 (1.13–7.84) 1.84 (1.15–2.97)
 One visit or more a 7842 (95.3) 238 (30.3) 1.0 1.0
Birth attendant 8230
 Physician a 6 (0.1) 2 (333.3) 1.0
 Nurse/midwife 1781 (21.6) 76 (42.7) 0.09 (0.00–7.14)
 TBA/family/unattended 6443 (78.3) 193 (30.0) 0.06 (0.00–4.83)
Delivery location 8230
 Home/other 6105 (74.2) 178 (29.2) 0.66 (0.34–1.26)
 Clinic/hospital a 2125 (25.8) 93 (43.8) 1.0
Infant characteristics
Sex 8213
 Male 4260 (51.9) 161 (37.8) 1.37 (0.73–2.58)
 Female a 3953 (48.1) 110 (27.8) 1.0
Gestational age, wk 8213
 <37 302 (3.7) 117 (387.4) 31.86 (15.52–65.40) 7.64 (3.18–18.37)
 >37 a 7911 (96.3) 154 (19.5) 1.0 1.0
Birth weight, g 8192
 500–1499 124 (1.5) 66 (532.3) 67.92 (24.62–187.36) 9.10 (2.95–28.07)
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Categories Total deliveries (% Total) Total number of stillbirths(stillbirth rate) Odds ratio (95% CI)
GEE model
Odds ratio (95% CI)
 1500–2499 846 (10.3) 75 (88.7) 5.81 (2.71–12.46) 2.78 (1.74–4.43)
 ≥2500 7222 (88.2) 119 (16.5) 1.0 1.0
Multiple births 8230
 Yes 293 (3.6) 16 (54.6) 1.74 (0.46–6.57)
 No 7937 (96.4) 255 (32.1) 1.0
Abbreviations: GEE, generalized estimation model.
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Table 5
Characteristics by maternal age and associated fresh versus macerated stillbirths
Categories Fresh stillbirthsn=214 (% Total)
Macerated stillbirths
n=57 (% Total) Relative risk (95% CI)
Maternal age, y
 <25 100 (46.7) 37 (64.9) 1.0
 25–35 a 83 (38.8) 12 (21.1) 0.39 (0.11–1.45)
 >35 31 (14.5) 8 (14.0) 0.70 (0.14–3.40)
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Table 6
Characteristics by mother, perinatal care, neonates, and associated early neonatal deaths
Categories Live born births (%Total)
Total number of early
neonatal deaths (early
neonatal mortality rate)
Odds ratio (95% CI) GEE ModelOdds ratio (95% CI)
Maternal characteristics
Maternal age, y 7959
 <25 3906 (49.1) 128 (32.8) 1.0
 25–35 a 2907 (36.5) 87 (30.0) 0.91 (0.58–1.43)
 >35 1146 (14.4) 40 (35.0) 1.07 (0.59–1.93)
Education status 7959
 No formal education 5067 (63.7) 179 (35.4) 1.36 (0.87–2.12)
 Any formal education a 2892 (36.3) 76 (26.3) 1.0
Presence of partner 7,959
 Single 81 (1.0) 7 (86.4) 2.90 (0.81–10.45)
 Married/cohabiting 7878 (99.0) 248 (31.5) 1.0
Number of pregnancies 7959
 0 1773 (22.3) 73 (41.2) 1.30 (0.80–2.10)
 1–3 a 3905 (49.1) 125 (32.1) 1.0
 >3 2281 (28.7) 57 (25.1) 0.78 (0.46–1.30)
Number of children 7959
 0 2251 (28.3) 100 (44.5) 1.52 (0.98–2.35)
 1–3 a 4201 (52.8) 125 (29.8) 1.0
 >3 1507 (18.9) 30 (20.0) 0.66 (0.34–1.28)
Prenatal care 7959
 No prenatal care 355 (4.5) 24 (67.8) 2.32 (1.14–4.70) 2.27 (1.42–3.62)
 One visit or more a 7604 (95.5) 231 (30.4) 1.0 1.0
Birth attendant 7959
 Physician/nurse/midwife 1709 (21.5) 74 (43.4) 1.0
 TBA/family/unattended 6250 (78.5) 181 (29.0) 0.66 (0.42–1.03)
Delivery location 7959
 Home/other 5927 (74.5) 169 (28.6) 0.66 (0.43–1.02)
 Clinic/hospital a 2032 (25.5) 86 (42.4) 1.0
Infant characteristics
Sex 7942
 Male 4099 (51.6) 146 (35.7) 1.28 (0.85–1.93)
 Female a 3843 (48.4) 108 (28.1) 1.0
Gestational age, wk 7,942
 <37 185 (2.3) 106 (573.0) 68.84 (39.96–118.58) 22.93 (10.15– 51.83)
 >37 a 7757 (97.7) 148 (19.1) 1.0 1.0
Birth weight, g 7932
 500–1499 58 (0.7) 44 (758.6) 182.50 (65.58–507.85) 13.37 (4.55–39.29)
 1500–2499 771 (9.7) 86 (111.7) 7.30 (4.57–11.67) 2.76 (1.37–5.57)













Engmann et al. Page 18
Categories Live born births (%Total)
Total number of early
neonatal deaths (early
neonatal mortality rate)
Odds ratio (95% CI) GEE ModelOdds ratio (95% CI)
 ≥2500 7103 (89.5) 120 (16.9) 1.0 1.0
Multiple births 7959
 Yes 277 (3.5) 36 (130.0) 5.08 (2.76–9.36)
 No 7682 (96.5) 219 (28.6) 1.0
Abbreviations: GEE, generalized estimation model.
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